ABSTRACT. The histological characteristics of 9 cases of granular cell tumors (GCTs) observed in B6C3F 1 mice were examined to determine their cellular origin. Seven of the 9 cases were found in the uterus and other 2 cases were in the subcutaneous tissue. Tumor cells had abundant granules in the cytoplasm which were stained with PAS and were resistant to diastase treatment. Ultrastructurally, the granules were identified as lysosomes. The cell surface had cytoplasmic processus showing interdigitation with adjacent cells. A character feature of the tumor cells was the presence of a desmosome-like structure on their cell surface but no basal lamina was demonstrated. Although GCTs have been considered to be derived from Schwann cells on the basis of their ultrastructural features and S-100 proteinimmunopositive findings, the absence of basal lamina in the present cases may raise a controversy as to their origin. KEY WORDS: B6C3F 1 mouse, granular cell tumor.
Granular cell tumors (GCTs) originally assumed to be derived from skeletal muscle cells [1] , have been reported to occur in various tissues and organs such as the meninx, intestinal tract, genital organs and subcutaneous tissue in many animals including rats, mice and humans. Recently, GCTs in humans have been suggested to be of Schwann cell origin [7, 9] , based on their characteristic electron microscopic features and positive reactions upon immunohistochemical staining with primary antibodies such as S-100 protein [2, 15] , neuron-specific enolase (NSE) [22] and myelin basic protein (MBP) [13, 20] .
On the other hand, GCTs in rats have been frequently observed in the meninx and suggested to be derived from the meningeal arachnoid cells [10, 25] . GCTs in the uterus of Wistar rat were reported as derived from neuroectoderm [24] . However, the histogenesis of the GCTs still seems to be controversial.
We found GCTs in 9 animals in 16 two-year carcinogenicity studies using B6C3F 1 mice (3,300 males and 3,300 females). The hybrid strain of B6C3F 1 (C57BL/6N × C3H/ HeN) F 1 ) mouse has been widely used in carcinogenicity tests since recommended by the National Toxicology Program (1991). The development of GCTs has been reported in mice, although the incidence was low (Table 1 ). In the present study, we examined GCTs observed in B6C3F 1 mice, in their distribution and histological, immunohistochemical and electron microscopic features.
GCTs were observed in the uteri of 7 females (0.2%) and in the subcutaneous tissue of one male and one female (0.03%). GCTs in the uterus were not grossly visible, but were observed in the uterine cervix of 6 females and the uterine horn of one female by light microscopy. The GCTs in the subcutaneous tissue were located in the hip (18 × 17 mm) and in the genital area (ø5 mm). The uterine and subcutaneous tissues containing the tumors were fixed in 10% buffered formalin solution, sectioned, and stained with hematoxylin and eosin (H.E.). As histochemical staining, sections were stained with periodic acid-Schiff (PAS) with or without digestion of diastase, Alcian blue (pH 2.5) (AB), and Luxol fast blue (LFB). One representative specimen was carried out silver staining by Watanabe's method. Immunohistochemical staining was performed with antibodies to S-100 protein (rabbit anti-cow, × 200, Dako Japan), NSE (rabbit anti-cow, Dako Japan), vimentin (monoclonal anti-vimentin, × 50, Transformation Research Inc.), desmin (EPOS monoclonal mouse anti-human, Dako Japan), and glial fibrillary acidic protein (GFAP) (rabbit anti-cow, × 100, Dako Japan) as primary antibodies. Positive controls were also prepared in the case of each antibody for comparison. Formalin-fixed subcutaneous tumor tissues were refixed with 1% osmium tetroxide and processed for electron microscopical examinations.
The GCTs occurring in the uterine cervix or the uterine horn were seen in the lamina propria and there were no capsules around them. Histologically, the GCTs showed solid growth and consisted of round or polygonal cells with an eosinophilic granular cytoplasm and a round or oval nucleus containing abundant chromatin. The histological features of the tumors that developing in the subcutaneous tissue were similar to those in the uterus, but they showed a distinct borderline between the surrounding tissue. One tumor in the subcutaneous tissue had spindle cells with poor cytoplasm or polygonal cells together with the larger granular cells mentioned above. Nodular lymphocytic infiltration was sporadically seen in this case. No metastasis was seen in any case. Histochemically, all of these tumors were PASpositive and resistant to diastase treatment ( Fig. 1) and in 2 cases they were weakly stained by AB method ( Table 2) . The PAS-positive granules were also stained by Watanabe's silver impregnation method. Argyrophilic fibers surrounded each of the GCTs cells. Immunohistochemically, no tumors were stained positive for S-100 protein, NSE, vimentin, desmin or GFAP. Ultrastructurally, the cells showed irregular nuclear indentation and granules of various sizes, a few mitochondria and rough ER in the cytoplasm. Cytoplasmic processus showing interdigitation with adjacent cells were seen at the cell surface (Figs. 2 and 4) . A desmosome-like structure was also observed occasionally (Fig. 3) . Cytoplasmic granules delineated by single-unit membranes contained concentric circular lamellar structures or highly electron-dense materials (Fig. 5) . Collagen fibers were seen in the interstitium around the tumor cells.
Judging from the findings of H.E. stained specimens and the cytoplasmic granules which were positive to PAS, diastase-resistant, and argyrophilic, the present tumors were regarded as GCTs. In addition, lysosome-like granules, desmosome-like structures and cytoplasmic interdigitation were observed ultrastructurally and consistent to the characters of GCTs described in other reports [3, 5, 7, 9, 19] . The tumors examined in the present study seemed to be benign, because no metastasis or cellular atypia was observed.
Recently, the origin of GCTs was suggested to be a Schwann cell [7, 9] , based on positive reactions upon immunohistochemical staining with primary antibodies such as S-100 protein [2, 15] , NSE [21] and MBP [13, 20] . However, the results of LFB and immunostainings for S-100 protein, NSE, GFAP, vimentin and desmin were all negative in the present study. Although the tumor cells showed cytoplasmic interdigitation and desmosome-like structures resembling schwannoma cells, basal lamina being characteristic 1  109  uterine horn  female  A  +  --2  109  uterine cervix  female  A  +  ±  -3  109  uterine cervix  female  B  +  --4  109  uterine cervix  female  control  +  --5  109  uterine cervix  female  C  +  --6  109  uterine cervix  female  control  +  --7  109  uterine cervix  female  control  +  --8  109  subctis: genital  female  A  +  ±  -9 96 subctis: hip male E + --D: diastase resistance. Fig. 1 . Cytoplasmic granules were positive for PAS and resistant to diastase. PAS staining with diastase digestion. × 320. Fig. 2 . The tumor cell containing an irregular shaped nucleus and abundant granules of various sizes. Cytoplasmic processus were also observed. Electron micrograph. × 6,000. of Schwann cell was not observed ultrastructurally. Not all reported cases were positive for S-100 protein [18] . It seems that the presence of S-100 protein is varied depending on the site of tumors in rats. GCTs in the meninx were negative for S-100 protein in rats [10] while many of those in the uterus were positive [4, 23] . Whereas, Toyosawa et al. reported recently that GCTs in the uterus of Wistar rats were negative for S-100 protein but positive for NSE, as same to the tumors in the meninx [24] . These findings suggested that GCTs in the female reproductive tract might be of neuroectodermal origin in Wistar rats. Our negative results for S-100 protein were similar to those in GCTs found in the meninx of Wistar rats [24] , although B6C3F 1 mice failed to respond positively for NSE in their tumors.
According to the recent review on GCTs in humans by Ordonez, most investigators currently favor a Schwann cell origin based on electron microscopic findings and S-100 protein-positive results [16, 17] . On the other hand, there are obvious structural differences between Schwann cells and the cells of GCTs. Mesoaxon is quite common in schwannomas but not evident in GCTs. GFAP is expressed in schwannomas and neurofibromas but not in GCTs. S-100 protein is positive in most of benign and malignant GCTs but positive in only about one-third in malignant schwannomas [16] . Therefore, in spite of the morphological similarities to schwannomas on H.E. specimen, the origin of GCTs remains controversial.
In mice, GCTs have been observed in the subcutaneous tissue, meninx, and genital organs [5, 7, 9, 11] . In the female genital organs, the tumors were most disposed to develop in the uterine cervix in NMRI, B6C3F 1 [5, 9] and CD-1 mice [12] . GCTs showed an increased occurrence in mice after treated with estrogen [6, 8, 14] . Since no effect of estrogen was found in our 16 carcinogenicity studies, all cases were considered to be spontaneously-occurring tumors.
